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Bacteria were isolated from the rhizosphere of six drought-tolerant local plants after serial
dilution and selection on M9 agar media containing 1.5% starch (as the selection agent for
amylase activity), followed by selection on TSA medium containing ACC (1aminocyclopropane-1-carboxylate). If ACC deaminase is present in root bacteria, it lowers
ethylene levels by cleaving ACC (the precursor to ethylene, and the plant hormone that
causes plant senescence). If root bacteria can break down ACC, they are classified as
plant-growth–promoting rhizobacteria (PGPR) because they supply nitrogenous breakdown
products to the plant. We were in search of PGPR. The six selected bacteria had amylase
activity, but none grew on M9 + ACC medium, indicating a lack of plant-growth-promoting
properties. The six bacterial strains were tested for their effect on the growth and root hair
production of germinated Arabidopsis thaliana and Brassica rapa seedlings in sterile
culture. While taproot production and total biomass were similar to the controls in the
presence of all six bacterial strains, root hair production was inhibited dramatically. When
the Brassica seedlings (exposed to bacteria) were planted in soil, the seedlings grew well,
but seed-production was inhibited in all plants relative to the controls. PCR and BLAST
analysis were done to provide a preliminary characterization of the bacterial strains. DNA
isolated from the six isolates was amplified by PCR using 16S rDNA sequences as primers
(8Fclass and 533R primers). The PCR-products were further purified, sequenced, and
analyzed by BLAST. All six isolates were showed 99.1% - 100% homology to 3 strains of
Bacillus megaterium (strain 1481, NBRC 15308, or IAM 13418). Four of the six isolates
showed 99.19% -99.58% homology to Bacillus aryabhattai strain B8W22. In spite of the
sequence similarity, the physiological properties of each of the six strains differ and have
been characterized in a second poster..

Results
Table 1. Results of Figure 1.

Summary of Results
Figure 1. Effect of known soil bacteria on growth and development of wild-type Brassica rapa. (A) Control containing no bacteria, (B) A. baylyi, (C) B.
megatarium, (D) M. smegmatis, (E) E. carotovora, (F) E. aerogenes, (G) P. putida. Brassica plants were inoculated with bacteria at a distance of 5 cm from the
root tip one day after germination and grown for a further 7-day period. Note the inhibiting effect on growth by bacterial inoculation in the formation of branch root
and root hairs in control plants.
Table 2. Results of Figure 2

Introduction
The root zone is an area is rich in nutrients (Beneduzi et al.) and studies of rhizosphere
bacteria (e.g. Bacillus megatarium) and fungi (e.g. Trichoderma atroviride) that promote root
hair growth have been well documented, especially in wildtype Col-1 Arabidopsis thaliana
seedlings. Previous research has shown that bacterial and fungal production of
phytohormones - such as auxins and cytokinins - can affect root growth, root hair
production, and cell proliferation. These studies have supported the need for bacterial and
fungal presence to elicit root hair production in root systems (Ortíz-Castro et. al.).
The goal of this study was originally to examine a second wildtype Arabidopsis species
(Ler-1) for growth-promoting activity in roots. When germination of this wildtype species was
poor, we switched to Brassica rapa (standard wild-type). Brassica rapa was grown
aseptically in the presence of each of six bacterial species that were isolated from roots of
local stress-tolerant prairie plants: (wild bergamot - Monarda fistulosa, anise hyssop Agastache foeniculum, ironweed - Verbesina alternifolia, prairie sage - Artemisia
ludoviciana, black-eyed-Susan - Rudbeckia hirta var. angustifolia, and balloon flower Platycodon grandiflorus, and from six strains of known soil bacteria (Enterobacter
aerogenes, Pseudomonas putida, Erwinia carotovora, Mycobacteria smegatis, Bacillus
megatarium, and Acintobacteria baylyi). We hypothesized that root bacteria recovered from
stress-tolerant prairie plants might include plant growth-promoting rhizobacteria (PGPR).

• Root hair formation in Brassica rapa was inhibited in the presence of each of the 6
unknown prairie root bacteria relative to the control seedlings without bacterial presence
(Fig. 2 and Table 1). There was some root hair development in the presence of A. bayali
and P. putida). Planting these seedlings in soil (Fig. 6) resulted in vigorous growth but no
seed production.
• There was no effect of continuous shaking (stress) on root hair formation in the
presence of each of the 6 unknown prairie root bacteria relative to the control seedlings
without bacterial presence (Fig. 3 and Table 2). Root hair formation was still inhibited.
• There was an inhibiting effect on root hair formation in wildtype Arabidopsis thaliana
(Ler-1) relative to control seedlings in the presence of each of 6 known soil bacteria (Fig.
4). Similar to Brassica rapa roots, A. bayali and P. putida showed a slight effect on
increased root hair formation over the controls.

Figure 2. Effect of unknown root bacterial isolates on growth and development of wild-type Brassica rapa. (H) anise hyssop, (I) balloon flower, (J) Prairie sage,
(K) wild bergamot, (L) black eyed susan. Brassica plants were inoculated with bacteria at a distance of 5 cm from the root tip one day after germination and
grown for further 7-day period. Note the inhibiting effect on growth by bacterial inoculation in the formation of branch root and root hairs in control plants.

• The amplified 16S rDNA PCR sequence from the six strains of prairie root bacteria
correlated with several species of B megatarium or B. aryabhattai (Table 3). The strains
differed however, in their size and morphology (by gram staining); they differ in their
response to antimicrobials produced by Brassica rapa root bacteria, and they differed in
their ability to produce biofilms (see the second poster by this same research group).
•The known soil bacterial strains did not break down ACC on M9 plates, an indicator that
these known strains are not typical PGPR (data not shown).
•The six unknown prairie plant bacteria strains metabolized ACC as a carbon and
nitrogen source. This feature is typical of plant-growth-promoting rhizobacteria (data not
shown).

Methods
Isolation of Root-Associated Bacteria and Growth on Selective Media
* Surface bacteria from roots of six plant species (wild bergamot (Monarda Fistulosa), anise
hyssop (Agastache foeniculum), ironweed (Vernonia Fasciculata), prairie sage (Artemisia
Iudoviciana), black-eyed susan (Rudbeckia Hirta), and balloon flower (Platycodon
grandiflorus), were removed from 1 gm of root tissue, placed in 10 mL sterile water, rocked
for 5 min. and serial diluted. Suspended bacteria (0.1 mL) from each dilution was plated
onto M9 + 1.5 % starch + 1.5% agar media and grown at 33°C for 2-3 days.
* Isolated colonies were tested for their ability to grow on M9 medium + ACC (1aminocyclopropane carboxylate) as a carbon source.
Brassica rapa Seedlings Grown in the Presence of Soil or Root-Associated Bacteria
* Sterile Brassica rapa seeds (Lehle Seeds) were germinated on 0.2x MS + vitamins (pH
5.7) + 8 g/L phytoagar and incubated at 25°C for 24 hours, then placed on similar media
with 6 known strains of soil bacteria (Enterobacter aerogenes, Pseudomonas putida,
Erwinia carotovora, Mycobacteria smegatis, Bacillus megatarium, and Acintobacteria baylyi)
or 6 unknown strains of root bacteria – each 5 cm away from the seedling root tip. The
seedlings were then grown for 7 days (16 hr photoperiod) directly facing the light bank at a
90° angle to the light bank.
* Seedlings were also plated at both ends of petri plates -2.5 cm from a prairie root bacteria
(swabbed in the middle of the plate), and grown 90° to the light bank with continuous
shaking for 7 days.
DNA Extracted from Six Unknown Root Bacteria Isolates
* Single bacterial colonies (from the six different prairie roots plants) were grown up in TSA
broth overnight at 35°C with shaking.
* DNA was isolated using the ZR Fungal/Bacterial DNA Mini-Prep kit; the concentration of
bacterial DNA in the six root isolates was determined using the Nanodrop system.
PCR Amplification of a 16S rRNA Gene Sequence and DNA Sequencing, and Strain
Identification
* To determine the strain of each unknown bacteria, a 16S rDNA sequence was amplified
over 30 cycles of: 95°C (1 min), 55°C (1 min), 72°C (30 sec) in a 50 µL reaction volume
using 0.4 µM forward and reverse primers, 20 ng DNA, sterile water, and two dehydrated
PCR beads containing Taq Polymerase, nucleotides, buffer, and magnesium (GE).
* Aliquots of each PCR reaction (10 µL) were separated in 1.5% TAE agarose gels and
stained with ethidium bromide.
* Six PCR products (20 ng) were cleaned of protein contaminants using the Zymo DNAClean & Concentrator kit and were sent to Idaho State University for automated
sequencing.
* Sequence data was analyzed using the 4-Peaks program and the BLAST database to

• Root hair formation in Brassica rapa was inhibited in the presence of each of the 6
known soil bacteria relative to the control seedlings without bacterial presence (Fig. 1).

Discussion
Figure 4. Effect of six known soil bacterial isolates on root growth and development of wild-type Arabidopsis thaliana (La-1). From Left to right:
Control, Acinobacteria baylyi, P. putida, E. raffinosus, E. aerogenes, B. megaterium, E. carotovora. Arabidopsis plants were inoculated with bacteria
at a distance of 5 cm from the root tip seven days after germination and grown for a further 21-day period. Note the inhibiting effect on growth by
bacterial inoculation in the formation of branch root and root hairs in response to three bacterial isolates.

Figure 3.. Effect of bacteria on growth and development of wild-type Brassica
rapa. Seedlings were grown horizontally on the surface of agar plates (0.2x
Murashige and Skoog medium) with shaking at 160 rpm to stimulate stress.
(A) control, (B) anise hyssop, (C) wild bergamot, (D) prairie sage, (E)
Ironweed, (F) balloon flower. Brassica plants were inoculated with bacteria at
a distance of 2.5 cm from the root tip one day after germination and grown for
further 7-day period.

Table 3. Results of Figure 6.

Our results indicate that isolated soil and root-associated bacteria had an inhibitory effect on
the root- hair growth and seed production of Brassica rapa, and the root-hair growth of
wildtype Arabidopsis thaliana Col-1. These bacterial species, however, did not kill the test
plants.
Other bacteria called plant growth promoting bacteria (PGPR) inhabit the rhizosphere of
many drought-tolerant plants and confer a protective effect under conditions of increased
salt, flooding, drought, toxic metals or pathogen invasion. They promote plant growth by
directly enhancing root growth or indirectly, by inhibiting plant pathogens (Glick, 2010).
The 6 prairie root bacteria - after DNA seqncing - were found to be strains of Bacillus
aryabhattai, and Bacillus megatarium, both known PBPR (Bhattacharyya et. al, 2017). Why
they had an inhibitory effect on our test plants in vitro, is still unknown, but could possibly
relate to the anti-bacterial compounds produced by the Brassica rapa roots, or the biofilms
produced by Bacillus aryabhattai and Bacillus megatarium when applied to the Brassica rapa
roots. Five of the six strains were biofilm producers (See our second poster).
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